Hydrophobic Polymer Additive for Stabilization of Aggregates in Local Government Roads  by Cameron, Don et al.
doi: 10.1016/j.proeng.2016.06.004 
 
Hydrophobic Polymer Additive for Stabilization of 
Aggregates in Local Government Roads 
Don Cameron1*, Cameron Hopkins1 and Mizanur Rahman1 
1The University of South Australia, Adelaide, Australia 
donald.cameron@unisa.edu.au 
 
 
 
 
Abstract 
In Australia, the road network is extensive and consists chiefly of unbound granular material overlain 
by a thin layer of asphalt. With trafficking and adverse environmental conditions, roads may become 
unserviceable quite quickly. So there is a need to re-condition granular roads through in-situ recycling 
to achieve the sustainability goals of re-use of materials and reduction of greenhouse gases by 
minimizing transport of materials. Bitumen, in the form of either cold emulsion or foamed bitumen, 
has been used for this purpose quite successfully, but there exist situations where it is too expensive 
for the road authority, given the nature of the road, or bitumen may not be suitable if plastic fines exist 
in the pavement material. Environmental conditions such as poor drainage of primarily flat land may 
also have local government looking for alternative treatments. Hydrophobic dry powder polymers 
(DPP) mixed with lime can serve to provide an improved road base quickly at relatively low cost. 
Unfortunately the literature on polymer additives in aggregates is quite limited and so research has 
commenced with the aid of local government agencies in Adelaide, South Australia. In this paper a 
field trial and laboratory investigation are presented on the comparative engineering properties of 
treated and untreated aggregates from a road trial. Testing has included hydraulic conductivity, large 
column capillary rise tests and repeated loading triaxial testing. Performance of the road sections will 
be monitored in the coming years through La Croix Deflectograph testing. 
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1 Introduction 
For many years the recycling of road material has been practised on a relatively small scale. In 
Australia, due to the increasing shortage of suitable landfill sites and the spiralling cost of tipping fees 
at landfills, considerable effort is being put into utilizing waste products, such as recycled concrete 
aggregate and masonry [1] and in-situ recycling of road aggregate. The degraded in-situ pavement 
material is marginal and therefore requires some improvement with additives before placing it again. 
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The variability of the in-situ material may affect the reliability of the prediction of its in-service 
performance. Additives used in recycling projects are primarily used to modify aggregates; the soil is 
mixed with another substance (a stabilizer or additive) to improve one of its properties, such as 
strength or moisture susceptibility [2]. 
1.1 Stabilization 
Ideally, aggregates used in road pavements need acceptable workability, strength, durability, 
volume stability, wear resistance, and water resistance [3] to withstand the local conditions. 
Occasionally, materials with these properties can be sourced from the degraded aggregates on site, 
after the addition of additives or stabilizers to improve the factors that led to the failures (e.g. 
inadequate strength or poor water resistance).  
The stabilization of material can be performed by a number of different methods, such as re-
compaction, drainage, improved grading by adding missing particle sizes, or addition of binders or 
moisture inhibitors (stabilizers). The choice of the stabilizer depends on the reason for stabilization. 
Stabilizers can include cement, bitumen, other granular material and polymers [4]. With the low level 
of bitumen additive which is generally used [5], only polymers provide significant resistance to 
moisture ingress. Moisture is a major contributing factor to the distress of roads. Graded aggregates 
and subgrades can lose much of their strength and stiffness if they absorb excessive moisture [6]. 
1.2 Dry Powdered Polymers (DPP) 
Dry Powdered Polymers consists of a hydrophobic wax coating on some form of carrier, such as 
flyash and may include lime. Rodway [7] suggested that polymer stabilization is ideal for treatment of 
poor quality, clayey gravel that loses considerable strength when it is wet up while in service, since the 
stabilizer acts to waterproof the stabilized aggregate. Austroads [8] suggests that polymers are also 
applicable to sandy aggregates of little or no plasticity. A DPP manufacturer whose product has been 
used throughout Australia is Polyroad. Lime is applied with the DPP according to the plasticity of the 
fines. The primary objective of the polymer treatment is water resistance as the treated material 
becomes hydrophobic. With this water resistance, the strength and flexibility of the base course of the 
road can be maintained, although it may not be at a particularly high level.  
The Polyroad approach to selecting the stabilizing product is, if the Plastic Index of the fines (PI) is 
less than 12%, use Polyroad PR.21L. The percent of DPP in PR.21L is 1.5% by mass; 2 parts polymer 
to 1 part lime. However, if the PI is greater than 12, PR.11L is preferred (DPP 1% by mass, 1 part 
polymer to 1 part lime). A capillary rise test, similar to that suggested by Standards Australia [9] is 
used to evaluate the suitability of the treatment. Specimens of the treated material, are cured after 
preparing at 100% Optimum Moisture Content (OMC) and Maximum Dry Density (MDD) for 
Modified Proctor compaction. Specimens are tested after drying back to 80% and 60% of OMC. A 
maximum capillary rise of 25% over a 24 hour period is acceptable, without any swelling. 
Poli from the South Australian road authority, DPTI, [10] evaluated material treated with 
PolyRoad PR21L. The DPP and lime was added to a blended aggregate of 75% stream gravel and 
25% base gravel. Tests reported by Poli included plasticity index, grading, water absorption, swell, 
capillary rise and repeated load triaxial testing or RLTT. The RLTT was conducted to the Austroad 
[11] RLTT protocol on stabilized soil prepared at different moisture states and compacted to 98% of 
MDD (Modified Proctor compaction). Poli [10] concluded that the addition of dry powder polymer 
with lime was beneficial. Permanent strain was reduced and the resilient modulus of the Polyroad 
treated material was not sensitive to the initial moisture content of prepared specimens.  
In another study, Wightwick [12] investigated the suction developed in his DPP treated samples as 
the moisture content changed, through determination of soil water characteristic curves (or SWCC) 
The hydrophobic nature of treated aggregates could be seen in the shifts of the SWCC between the 
non-stabilized and stabilized materials, which should provide benefits of strength and stiffness.  
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DPP stabilization is carried out in a manner that is close to in-situ recycling with bitumen binders 
and cementitious binders. After initial milling and re-laying, the in-situ aggregate is compacted and 
then the DPP is distributed evenly over the top of the compacted base. The DPP is incorporated then 
into the granular material by a pavement recycling machine, such as the Wirtgen 250. 
2 The Trial 
The trial was located to the North East of Adelaide, South Australia, in a low lying coastal area 
within the City of Salisbury. The site is less than 6.5 km due East from the Gulf of St. Vincent. Water 
ingress was responsible for poor performance of part of the road due to poor drainage of this coastal 
plain. The existing road consisted of 125-175 mm of granular material, overlain by spray seal. The 
cross section was quite variable, with respect to the depth and quality of the granular material.  
La Croix Deflectograph readings before construction in April 2015 along the 2 lane road over the 
approximately 200 m length of the trial. A weak pavement was revealed; the average central deflection 
was 1.0 mm and 0.7 mm for the outer and inner wheel paths (OWP and IWP), respectively. The 
average value of curvature varied between the control section (0.38 mm) and the section to be 
stabilized (0.29 mm). Curvature is the difference in deflection from the centre to that 200 mm away. 
Hand-held dynamic cone penetrometer readings taken after excavation of the existing road indicated a 
good subgrade (CBR > 20%), although it was decided by the road authority to lime stabilize the soil. 
Recovered subgrade samples indicated the soil to be a silty clay; average values of liquid limit and 
plastic index were found to be 34% and 14%, respectively, i.e., a low plasticity clay (CL).   
In-situ recycling could not be considered to improve the road as the existing pavement material 
was too degraded. Instead, recycled aggregate stockpiled from another road reconstruction was used in 
the 100 m long control section. The stockpile material was a standard 20 mm aggregate with crushed 
asphalt. This pavement material had insufficient level of fines (particle diameter is less than 75 µm), 
for the application of DPP (refer Figure 1 for particle size distributions). Fines were added through the 
mixing of existing aggregates at the site, which had a large proportion of clay and silt fines. The 
stabilized section of similar length to the control section consisted of 80% of the stockpiled material 
blended with 20% by dry mass of the existing aggregates. The blend was adopted to test the 
performance of the Polyroad DPP stabilizer for a pavement material with fines. The particle size 
distribution of the blend was on the lower limit of acceptable grading given by Polyroad for DPP 
additive. The fines content was acceptable at 12%. The Plastic Index of the fines was 15% and the 
Liquid Limit was 44%, making it a low plasticity silt (ML). Polyroad pre-tested the blend and 
proposed using PR.11L to reduce the influence of water. The PR.11L additive is a 1:1 blend of 
polymer and lime.  
The design road section consisted of 200 mm of granular material, overlain by 40 mm of hot mix 
asphalt. The location of service pipes under the road restricted the depth of pavement that was able to 
be constructed. As previously mentioned, the subgrade was lime stabilized to a depth of 200 mm. 
Photographs of the road construction are given in Figure 2. On site construction with respect to 
material blending and stabilization will be checked in the future by sampling to gauge the level of 
success of the process and for comparison with laboratory tests on well-controlled blended specimens. 
2.1 In-situ Measurements on the Finished Pavement 
Nuclear density and local compaction curves were commissioned after construction in early June 
along the length of the trial to check construction quality and variability. Dry density ratios varied 
between 91 and 101%. Lower dry density ratios were associated with the control section. Clegg 
Impact Values (CIV) measured with a hand held Clegg hammer indicated variable pavement strength 
and stiffness, particularly in the control section of the trial. CBR values of the recycled aggregates 
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inferred from CIVs were higher in the DPP treated section (CBR > 70%) than in the control section 
(CBR 34 to 84%). Clegg’s equation for CBR is (http://www.clegg.com.au/information_list12.asp): 
  
 CBR = (0.24 (CIV) + 1)2                                    (1) 
 
Figure 1: Particle size distributions 
 
 
La Croix deflectograph readings were taken again on 11th November 2015. The deflection data 
verified what had been found previously through in-situ density testing and the Clegg hammer. 
Average values of central deflection, d0, and curvature (d0 –d200) are presented in Table 1 for both sets 
of deflectograph testing. The term d200 is the deflection measured 200 mm away from the axle load. 
The average has been taken over a 95 m length of each of the two road sections.  
The improvement in the pavement response in the control section is evident with deflections being 
halved approximately. However even greater benefits were seen in the DPP treated sections, with 
about an 80% reduction in central defection, but also greater reduction of curvature. 
3 Material Properties 
The compaction curves (Modified Proctor [13]) for the three materials in this study are shown in 
Figure 3. The OMC and MDD values were 7.0% and 2.12 t/m3, 6.2% and 2.16 t/m3 and 7.2 and 2.13 
t/m3 for the stockpile material, the non-stabilized blend of 80/20 recycled material and the same blend 
with 2% Polyroad additive, respectively. OMC increased and MDD decreased with the addition of 
Polyroad. Initial testing of engineering properties has concentrated on testing specimens at Maximum 
Dry Density (MDD) and at Optimum Moisture Content (OMC). Other preparations will be considered 
in the future. 
The tests conducted on the pavement materials and current findings are detailed in the following 
sections.  
3.1 Permeability 
The function of the base layer in flexible pavement is chiefly for strength, but may be made to 
serve as a drainage layer to discharge unwanted water out of the pavement [14]. To determine the 
permeability of the soils, falling head permeability tests were conducted. Specimens of the three 
materials were prepared in steel moulds, 150 mm in diameter and compacted with a falling weight 
hammer to a height of approximately 150 mm, in accordance with the standard method [15]. Materials 
were compacted to MDD at OMC. Permeability was recorded after the passing of water through the 
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sample equivalent to a minimum of one void volume. Values of hydraulic conductivity for the blended 
aggregate were 1.2E-9 m/s, which increased to 3.4E-9 m/s for the blend with DPP additive. The 
permeability of the blend with plastic fines seemed low but was checked against an empirical equation 
based on weighted plastic index which suggested a reasonably close value of 2.2E-9 m/s. 
 
 
a) DPP laid out ready for mixing into aggregates b) Base ready for hotmix 
Figure 2: Photographs of construction 
 
 
Date Location Central deflection, d0 
(E-2 mm) 
Curvature, d0 – d200 
(E-2 mm) 
OWP IWP OWP IWP 
22-04-2015 Control area E lane 107 68 35 23 
22-04-2015 Control area W lane 91 79 30 35 
22-04-2015 Stabilized area – E lane 133 73 56 29 
22-04-2015 Stabilized area – W 
lane 
75 66 31 30 
 Overall averages 102 72 38 29 
19-11-2015 Control area E lane 56 45 21 15 
19-11-2015 Control area W lane 36 34 11 12 
 Control averages 46 40 16 14 
19-11-2015 Stabilized area – E lane 24 19 4 4 
19-11-2015 Stabilized area – W 
lane 
17 14 2 1 
 DPP area averages 20 16 3 2 
Table 1: Summary of average Deflectograph readings before and after construction 
3.2 Capillary Rise  
Wightwick [12] recognized the need for capillary rise testing on taller specimens and demonstrated 
the usefulness of instrumentation for monitoring moisture content during the test. Therefore 500 mm 
high specimens have been compacted in thick-walled PVC chambers (9.8 mm thick) of 202 mm 
internal diameter and 750 mm high. Cut-outs 5 mm deep in the wall accommodate dielectric 
permittivity probes (Decagon GS3) for monitoring of volumetric moisture contents (T). To calibrate 
each GS3 probe, poorly graded sand was mixed to achieve pre-determined water contents, and was 
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compacted to MDD for Modified Proctor compactive effort in a PVC tube of 150 mm diameter. Care 
was taken to compact the soil further after insertion of the probe to ensure contact between the probe 
and the soil. Readings of dielectric permittivity (H) were taken and the sand was oven dried to find T. 
Calibrations between T and H took the form of cubic equations.  
Two fully instrumented columns have been set up with the blended aggregate and the DPP treated 
blend, compacted at OMC to MDD. Holes of 3 mm diameter were drilled through each aggregate for 
the probes. The capillary rise test will be performed once the samples have been successfully dried 
back to 80% of OMC. 
 
Figure 3: Compaction curves 
3.3 Resilient Modulus and Permanent Strain 
The permanent deformation and resilient modulus of the three materials were investigated by 
Repeated Load Triaxial tests (RLTT), following the Austroads standard test method [11]. As described 
by Gabr et al. [16], measurements of strain were taken along the middle third of a specimen using two 
pairs of inductance coils (Emu coils), firmly attached to the specimen. All materials were tested after 
compacting by dynamic compaction to MDD and OMC, with replicates. After compaction, the top 
surface was covered and within 24 hours +/- 1 hour, specimens were demoulded and tested. Other 
specimen preparations will be investigated in the overall testing program.  
Permanent strain was evaluated under a confining pressure of 50 kPa and deviator stresses of 350, 
450 and 550 kPa, as required for evaluation of bases. The average permanent strain that was developed 
for each of the three materials are presented in Figure 4. Differences in permanent strain development 
were quite marked and impact on the potential application of the materials in pavement construction. 
Clearly the blend with DPP performed extremely well in comparison with the untreated blend and the 
stockpile material. By the 3rd stage, the untreated materials exhibited acceleration of permanent strain 
and therefore susceptibility to rutting. 
A series of multiple loading stress stages (66 stages) with 250 repetitions for each stage, were 
applied to the specimen in sequential order, according to the Austroads protocol. The resilient 
modulus was calculated from the average of the last six observations of each stress stage. The results 
are presented in Figure 5 as measured modulus against predicted modulus using the simple predictive 
model of Hicks and Monismith [17]: 
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Figure 4: Average permanent strain development (3 load stages of 10,000 cycles) 
 
 
Figure 5: Variations of resilient modulus and its predictability based on Equation 2 
The resilient modulus of both the stockpile material and the blend could be reasonably predicted 
with a single set of constants, however the constants for the DPP treated blend had a much higher 
multiplying constant and the duplicate samples did not conform closely. It is evident that equation 2 
could not predict the observed behaviour of the treated material well and that a predictive model 
would require greater complexity, e.g. [18]. 
4 Conclusions 
The preliminary findings of this paper suggest that dry powder polymer has its place in 
stabilization of degraded aggregates. With respect to compaction, DPP reduced MDD but increased 
OMC. The permeability of the blended aggregate was low, and was improved marginally with the 
addition of the hydrophobic DPP. Repeated load triaxial testing to date on specimens prepared at 
OMC and MDD, but with little curing, has amply demonstrated that the resilient modulus can be 
almost doubled with the addition of DPP and permanent strain was reduced by at least 60% by the end 
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of the 2nd stage of testing. Moreover the DPP treated blend exhibited excellent stability through the 3rd 
stage of testing, while the untreated specimens showed instability (increasing strain with load cycles). 
In-situ testing of the trial sections has also shown the superior performance of the DPP treated 
blend over the section containing stockpile aggregate; La Croix Deflectograph readings have indicated 
that deflections were about half of those in the section with stockpile material. However, part of the 
superiority of the DPP section may be due to a small extent to better construction along that length of 
road, as indicated by comparisons of in-situ densities and CIVs after construction of the road. 
Investigation is continuing into the influence of moulding moisture content on the aggregates. 
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